Although there have been few reports of serious complications with the laryngeal mask airway, we record a case of permanent unilateral vocal cord paralysis following the use of a laryngeal mask airway and review the literature describing injuries, not only to the recurrent laryngeal nerves but also to the hypoglossal and lingual nerves.
The laryngeal mask airway 1 (LMA) consists of a tube attached to a moulded rubber ring surrounded by an inflatable cuff angulated to conform to the laryngeal inlet, so that when correctly positioned, there should be little contact with the endolarynx. Compared with the endotracheal tube 2 , the LMA has been reported to pose less risk to laryngeal function 3, 4 . However, a literature review of complications following use of LMAs found reports of damage not only to the recurrent laryngeal nerves but also to other adjacent nerves [5] [6] [7] [8] [9] [10] [11] [12] , namely the hypoglossal and lingual nerves. These were neurapraxic injuries which eventually resolved, but the patient we report has a permanent unilateral vocal cord paralysis which required thyroplasty for voice restoration. Although very rare, neural problems following LMA use may cause alteration of taste, swallowing and speech [5] [6] [7] [8] [9] [10] [11] [12] .
CASE REPORT
A 44-year-old man, whose job required regular announcements over a public address system in a large club, had ligation of varicose veins in November 1996. Anaesthesia was induced with intravenous propofol and midazolam. With the head supported by a pillow, a size 4 LMA was inserted without difficulty and the cuff inflated with approximately 20 ml of air until there was no leak. Cuff pressures were not monitored. Spontaneous respiration anaesthesia was maintained with a mixture of oxygen, nitrous oxide and isoflurane for the 50 minute procedure; the patient remained supine with a slight reverse Trendelenberg position. Cardiovascular and respiratory parameters remained within normal limits throughout and at the conclusion of the procedure the cuff was deflated and the LMA was removed.
During the ensuing 24 hours the patient experienced dysphonia progressing to aphonia by the second postoperative day. There was no pain, dysphagia or aspiration. Indirect laryngoscopy showed an immobile left vocal cord. Neurological examination did not reveal any other abnormality. Computerized tomography from the skull base to the diaphragm was unremarkable.
There was little improvement and as the hoarse and breathy voice interfered with the patient's work, after six months he was referred for more specialized otolaryngological assessment. Indirect laryngoscopy and videostroboscopy confirmed left vocal cord paralysis. At microlaryngoscopy under general anaesthesia, there was no arytenoid cartilage dislocation or other glottic pathology.
At nine months the dysphonia due to the paralysed left vocal cord remained. A trial injection of gelfoam paste, to temporarily medialize the left hemi-larynx, restored a good voice for a few weeks during which the patient returned to work. At 12 months thyroplasty 13 using a 4 mm hydroxyapatite prosthesis was performed with immediate improvement. Six months later, although the cord paralysis persisted, the patient considered that his voice was "normal".
DISCUSSION
The patient we report had onset of left vocal cord paralysis within 24 hours; nerve function did not recover and eventually persistent dysphonia required laryngeal phonosurgery. Lack of recovery was probably due to extensive local ischaemia incurring demyelination and neural loss. It is interesting to conjecture on the mechanism of injury. The recurrent laryngeal nerve may have been compressed between the cuff and the cricoid cartilage at the apex of the piriform fossa or at the inferior cornu of the thyroid cartilage. There was no indication of other neurological impairment, no radiological evidence of any pulmonary, vascular or neck pathology affecting the vagus or recurrent laryngeal nerves and no sign of arytenoid dislocation or laryngeal trauma from LMA insertion.
Use of the LMA has a low complication rate [14] [15] [16] . The mask is positioned above the larynx and should avoid complications that occur with a translaryngeal ETT [2] [3] [4] . While the most common problems with LMA use are sore throat (7 to 12%) [18] [19] , regurgitation (<2%) 16 and failed placement (0.19%) 15 , our literature search found 10 cases of nerve injuries (Table 1) , including two hypoglossal nerve injuries 5, 6 , two lingual nerve injuries 9,10 , and six involving the recurrent laryngeal nerve 7, 8, 11, 12 , one of which was bilateral. In these cases the LMA was either size 3 or 4, nitrous oxide was used and cuff pressures were not monitored. Onset of symptoms was either immediate (case 8) or delayed as long as 48 hours (case 6) and all injuries had recovered or were resolving within six months and were therefore consistent with pressure-induced ischaemic demyelinating neurapraxia.
Both hypoglossal nerve injuries occurred in patients undergoing upper limb surgery on the opposite side to the nerve injury. One patient was in the right lateral position and it was postulated that this allowed the right hypoglossal nerve to be compressed between the LMA cuff and the hyoid bone. In the second case, anticoagulants may have promoted bleeding and contributed to nerve compression.
The lingual nerve injuries were thought to be due to pressure on the nerve in the floor of the mouth by the tube of the LMA or by a high-riding cuff. One patient had a receding mandible which may have affected the LMA position 10 .
Six patients had temporary vocal cord paralysis, apparently from injury to the recurrent laryngeal nerve, with compression presumably secondary to cuff overinflation by nitrous oxide diffusion.
The correct LMA position is with the opening facing anteriorly to encompass the laryngeal inlet; the cuff should extend from the hypopharynx to the tongue base with the tube lying on the tongue follow- (partial) breast biopsy rent laryngeal nerve. The hypoglossal nerve is vulnerable as it runs above and deep to the hyoid bone, the lingual nerve may be compressed between the mandible and a tube lying lateral to the tongue, and the recurrent laryngeal nerve, on one or both sides, may be compressed between the cuff and cricoid or thyroid cartilage.
Malpositioning is minimized with the standard insertion technique 20 . Even when correctly positioned initially, later movement or overinflation of the cuff may cause excessive local pressure with the possibility of compression of underlying nerves. Hyperinflation may be compounded by diffusion of nitrous oxide into the cuff, increasing cuff volume by 9 to 38% 21, 22 and even allowing for relaxation of pharyngeal musculature, elasticity of the pharyngeal walls may not readily accommodate this volume change 22 . Tissue oedema, prolonged cricoid pressure, lightening of anaesthesia and venous engorgement with a headdown position may increase pressure and the likelihood of nerve injury. In the previous reports of nerve injury, nitrous oxide induced cuff expansion was the suspected cause [6] [7] [8] 11, 12 . This may be minimized by using nitrous oxide/oxygen from the gas line to fill the cuff. To avoid the risk of an undetected increase in cuff pressure, a monitoring transducer has been recommended so that the cuff can be deflated accordingly. Brain 23 notes that the recommended initial inflation volumes are actually maximum volumes and advises cuff inflation up to 60 mm H 2 O pressure with ongoing monitoring: if a significant leak occurs, a larger LMA should be used. It has been shown that with spontaneous ventilation, up to 50% cuff deflation did not markedly affect LMA performance 24 .
While the aetiology of LMA-associated neurapraxia has not been determined, malposition of the mask, excessive cuff pressure and position of the patient are most probably responsible. Care should be taken to place the tube above the tongue and to avoid excessive cricoid pressure once the LMA is in situ. Current recommendations are to monitor cuff pressure 25 and adjust as required, depending on nitrous oxide diffusion, depth of anaesthesia 26 and possible pharyngeal engorgement with dependent patient positioning.
If a laryngeal complication is suspected, involvement of an otolaryngologist is indicated for assessment of injury and functional disorders of voice and swallowing. Indirect and sometimes direct laryngoscopy will exclude mucosal trauma and arytenoid dislocation which may require urgent treatment. If a unilateral vocal cord paralysis has not recovered in six to nine months, laryngeal surgery may be indicated. The management options include temporary vocal cord augmentation by endoscopic vocal fold injection of fat, gelfoam or collagen, or thyroplasty and arytenoid adduction surgery for permanent improvement.
Overall the safety and effectiveness of the LMA is attested to by widespread use and extensive published series. Although very rare, hypoglossal, lingual and recurrent laryngeal nerve palsies may occur and whilst previously reported neuropraxias have spontaneously resolved, the neuropathy may be permanent. Careful device positioning and attention to cuff pressures should minimize the risk.
